Water blooms formed by potentially toxic species of cyanobacteria are a common phenomenon in the Baltic Sea in late summer. Twenty-five cyanobacterial bloom samples were collected from open and coastal waters of the Baltic Sea during 1985 to 1987, and their toxicity was determined by mouse bioassay. All of 5 bloom samples from the southern Baltic Sea, 6 of 6 from the open northern Baltic Sea (Gulf of Finland), and 7 of 14 Finnish coastal samples were found to contain hepatotoxic cyanobacteria. Nodularia spumigena and Aphanizomenon flos-aquae occurred together in high amounts in blooms from the open-sea areas. In addition, coastal samples contained the species Anabaena lemmermannii, Microcystis aeruginosa, and Oscillatoria agardhii. Eighteen hepatotoxic N. spumigena cultures were isolated from water bloom and open-sea water samples. High-pressure liquid chromatographic analysis of both hepatotoxic bloom samples and Nodularia strains showed a single toxic fraction. The toxin concentrations of the blooms were .2.4 mg/g of freeze-dried material, and those of laboratory-grown cultures were 2.5 to 8.0 mg/g of freeze-dried cells. A single toxin was isolated from three N. spumigena-containing bloom samples and three N. spumigena laboratory isolates. Amino acid analysis and lowand high-resolution fast-atom bombardment mass spectroscopy indicated that the toxin from all of the sources was a cyclic pentapeptide (molecular weight, 824) containing glutamic acid, I-methylaspartic acid, arginine, N-methyldehydrobutyrine, and 3-amino-9-methoxy-2,6,8-trimethyl-10-phenyl-4,6-decadienoic acid. This indicates that the Baltic Sea toxin is nodularin, the cyclic pentapeptide produced by field and laboratory-cultured N. spumigena previously reported from New Zealand brackish water lakes. The signs of poisoning by the pentapeptide were similar to those reported for the heptapeptide toxins from other cyanobacteria.
Mass occurrences of cyanobacteria in the Baltic Sea are a common phenomenon in late summer. Many cases of animal poisoning along the Baltic coast are suspected to have been caused by these Nodularia spumigena-dominated blooms (5, 9, 13, 15) . In 1878, N. spumigena from Australia was the first cyanobacterium to be reported in the scientific literature to cause animal poisonings (8) . However, it took 100 years before toxic isolates of this species were available for structural identification of the toxin. A hepatotoxin produced by N. spumigena called nodularin was recently isolated from New Zealand bloom material by Rinehart and co-workers (16) . The toxin is a cyclic pentapeptide (molecular weight, 824) containing D-glutamic acid, D-erythro-,B-methylaspartic acid, L-arginine, N-methyl-Z-dehydrobutyrine, and 3-amino-9-methoxy-2,6,8-trimethyl-10-phenyl-4, 6-decadienoic acid. Partial structure studies of a New Zealand laboratory culture of N. spumigena (4) , an Australia laboratory culture (17) , and a Baltic Sea bloom sample (7) indicated a structure similar to that of nodularin.
This study investigated the occurrence and toxicity of N. spumigena in the Baltic Sea. The structure of the toxin from three different natural bloom samples and three laboratorygrown Nodularia cultures was studied by determining amino acid composition and using low-and high-resolution fastatom bombardment-mass spectrometry (FAB-MS). Isolation and cultivation of strains. Isolates of N. spumigena were made from subsamples of bloom and water samples as detailed earlier (K. Sivonen et al., Hydrobiologia, in press) by using Z8 agar medium minus nitrogen (10, 11) . The salt concentration in the medium was adjusted to about 7.5%o, which corresponds to the salinity of the south- (14) and run by using a 1-ml/min mobile phase of 18% acetonitrile and 0.1 M KH2PO4 in water (pH 4.5) with detection at 238 nm. Toxin recoveries were 100 to 109% (18 ,ug of toxin added to the sample before extraction) and 90 to 135% (2 jig of toxin added). The calibration curve was linear from 0.45 to 90.0 ,ug/ml (n = 6; r > 0.999). For amino acid analysis, purified toxins were hydrolyzed in 6 N HCl at 106°C for 24 h before analysis. The amino acids released were precolumn derivatized with phenylisothiocyanate, and the phenylthiocarbamyl amino acids were analyzed by using a Waters Pico Tag HPLC system. The derivatives were loaded onto a C-18 column (15 cm by 4.6 mm) and eluted over 8 min by using a 0 to 60% gradient of acetonitrile in 0.138 M aqueous sodium acetate. The column flow rate was 1.0 ml/min, and the compounds eluted were detected by UV absorption at 254 nm (4, 12) .
The intact peptides were analyzed at the University of Illinois by low-resolution FAB-MS (ZAB 10-kV mass spectrometer) by using the Magic Bullet Matrix (dithiothreitoldithioerythritol at 1:3). The source temperature was 300C, and the target was bombarded with xenon atoms at 8 kV. This was followed by high-resolution FAB-MS (ZAB-SE) and MS-MS (VG705E4F) to establish the elemental composition.
RESULTS
Bloom samples collected from the open sea contained both N. spumigena and Aphanizomenonfios-aquae (Table 1 ; Fig. 1) , and all were hepatotoxic to mice, causing death within 1 to 3 h. Half of the 14 Finnish coastal samples were hepatotoxic ( Table 2 ; Fig. 1 (Tables 1 and 2 ). They were all hepatotoxic in the mouse bioassay. The signs of hepatotoxicity obtained with all samples and isolates were similar to those reported for hepatotoxic peptides of other cyanobacteria (3, 4) . HPLC analysis showed one toxic peak with the same retention times and similar UV spectra in all of the hepatotoxic bloom and laboratory culture samples (Fig. 2) . The toxin concentrations of the bloom samples were <2.4 mg of toxin per g of freeze-dried bloom material (Table 3) . When the toxin content of the bloom samples (measured by HPLC) was high, toxicity (expressed as the minimum lethal intraperitoneal dose was also high ( Table 3 ). The 50% lethal dose (i.p.) of the purified toxin for mice was approximately 70 p.g/kg (body weight). Toxin concentration was directly related to the proportion of N. spumigena organisms present in the bloom samples, indicating that they were responsible for the toxicity observed. The toxin concentrations of the laboratory-grown culture isolates varied from 2.5 to 8.0 mg/g of freeze-dried cells.
Amino acid analysis showed the presence of equimolar amounts of ,B-methylaspartic acid, glutamic acid, and arginine in all of the bloom and culture materials analyzed (Table   220   5 w300 Time (nln) Wavelength ( 4; Fig. 3 ). Low-resolution FAB-MS spectra of the samples showed that the molecular weight of the toxin in all of the samples was (m/z) 824 (Table 4 ; Fig. 4 Fig. 1. b Partial coelution of glutamic acid and P-methylaspartic acid in the Pico Tag HPLC system was corrected for (11) . The molar ratios of arginine and glutamic acid were 1 (reference) and 1.2. respectively, in each sample. Table 4 . PITC, unidentified phenylisothiocyanate derivative produced during sample derivatization; NMETHYLA, n-methylamine, a hydrolysis product of nmethyldehydrobutyric acid; P-methyl ASP, P-methylaspartic acid.
of the study and in all of the areas sampled. It was even isolated from water samples during times when blooms were not detected. N. spumigena was considered to be responsible for toxicity in all of the samples, because (i) it was present in all of the toxic samples, (ii) toxicity was always hepatic, (iii) all of the isolates of N. spumigena were hepatotoxic, and (iv) the We found that the toxin isolated from Baltic Sea natural bloom materials and laboratory cultures of N. spumigena appeared identical and similar to the toxin from New Zealand N. spumigena (4, 16) . The Baltic Sea toxin was also similar to that reported from other studies with N. spumigena (7, 16, 17) . The studies reported here indicate that one toxin accounts for most if not all of the toxicity found in the samples or isolated strains. This is in contrast to other cyanobacterial species, i.e., Microcystis and Oscillatoria spp. and water blooms from South Africa (2), Japan (18), Finland (Sivonen et al., unpublished data), and elsewhere (3), which indicate that several similar toxins can be produced by a single strain.
